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Abstract 

The Dirac particle 5d is investigated by means of dynamic methods, i.e. 
without a use of the principles of quantum mechanics. It is shown that the 
Pauli particle Sp and the nonrelativistic approximation S^d of the Dirac parti- 
cle 5d are different dynamic systems. 5nD contains the high frequency degrees 
of freedom, which are absent in the dynamic system Sp. It means that the 
nonrelativistic Dirac particle S^d is composite (i.e. it has internal degrees of 
freedom), whereas the Pauli particle Sp is a pointlike particle with the spin. 
In the absence of the electromagnetic field the world line of the classical Pauli 
particle Spd is a timelike straight, whereas that of the classical nonrelativistic 
Dirac particle 5nDci is a helix. The characteristic frequency O = 2m(P' /U of 
this helix is the threshold frequency of the pair production. Using dynamic 
methods, one shows freely that the Copenhagen interpretation, when the wave 
function is a specific quantum object describing the state of individual particle, 
is incompatible with the quantum mechanics formalism. Besides, it is shown 
that the momentum distribution in quantum mechanics is in reality the mean 
momentum distribution. Effectiveness of different investigation strategies is 
discussed and compared. 

1 Introduction 

It is common practice to think, that the Pauli particle, i.e. the dynamic system 
iSp, described by the Pauli equation, is a nonrelativistic approximation of the Dirac 
particle, i.e. the dynamic system iSd, described by the Dirac equation jT]. In reality, 
it appears that the nonrelativistic approximation Snp, of the Dirac particle Sp, is a 
composite particle, which is more complicated than the Pauli particle Sp, because 
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it has additional degrees of freedom, which absent at the Pauh particle. It can be 
explained as follows. 

The Dirac equation is the system of four first order complex equations for four 
complex dependent variables, whereas the Pauli equation is the system of two com- 
plex first order equations for two complex dependent variables (the order of differ- 
ential equation is determined by the highest order of time derivative). If the Pauli 
equation is a nonrelativistic approximation of the Dirac equation, then why its order 
is lower. The reduction of the order of differential equations is explained usually 
by the fact that the coefficients before the highest temporal derivatives are small in 
the nonrelativistic approximation. These terms are neglected and the order of the 
differential equation is reduced. On the other hand, it is well known that neglecting 
the highest derivatives, we loss high frequency solutions. Indeed, if the temporal 
frequency is large enough, the term with the highest derivative may become very 
large, even if the coefficient before the derivative is small. It means that we may 
not neglect the highest derivatives without producing a proper investigation. 

In the present paper we produce such an investigation, which shows that one 
cannot neglect the terms, which are connected with the internal structure of the 
Dirac particle. Recently [2^ it has been shown that the classical Dirac particle 5dci 
has internal structure (additional degrees of freedom). In the present paper it is 
shown that in the nonrelativistic approximation the internal structure of the Dirac 
particle takes place also. 

From formal viewpoint the neglect of the high frequency solution is a mathe- 
matical mistake in the investigation of the Dirac dynamic system iSd, and a very 
interesting question arises. Why was the mathematical mistake in the transition 
to the nonrelativistic approximation remaining to be unnoticed for eighty years af- 
ter invention of the Dirac equation? The answer is very simple. Nobody looked 
for this mistake. The quantum theory developed by means of the experimental- 
fitting methods, when the logical structure of a theory was a secondary circum- 
stance. It was necessary to explain the enigmatic microcosm by any means. As a 
result the quantum theory is founded on the enigmatic quantum principles, which 
are nonrelativistic. There is nothing bad in application of the experimental-fitting 
method for explanation of concrete experiments and experimental data, because this 
method admits one to introduce new concepts, which are characteristic for the con- 
sidered physical phenomena. However, it leads to undesirable consequences, when 
the experimental-fitting method is applied to a construction of a physical theory. 
In this case the method turns into a theoretical-fitting method. Application of the 
theoretical-fitting method to a construction of a theory is ineffective, because it ad- 
mits one to introduce new hypotheses and new concepts, but it does not admit one 
to establish logical connections between different concepts and explain some con- 
cepts via other more fundamental concepts. The main goal of a physical theory is 
a determination of logical connections between the physical concepts and deduction 
of all concepts via some fundamental concepts. Any progress in reduction of the 
number of the fundamental concepts and explanation of other concepts in terms of 
the fundamental concepts is a real progress of a physical theory. Introducing new 
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hypotheses, the experimental-fitting method enables to introduce new concepts, but 
it does not admit one to establish logical connection between the physical concepts 
and reduce the number of fundamental basic concepts. One should not use the 
theoretical-fitting method to determine the logical connections between the physical 
concepts and to construct a satisfactory theory . Instead of the fitting method one 
should use the Newtonian deductive method with its slogan " Hypotheses non fingo" . 

If we have serious problems with new physical phenomena, what are we to do? 
According to the Newtonian slogan we should look for mistakes in the existing 
physical theory, find them and correct. The finding of mistakes in the foundation 
of the existing physical theory is a very difficult problem, because these mistakes 
appear to be located in other branches of science (geometry, theory of dynamic 
systems and theory of stochastic systems). In the beginning of the 20th century, 
when the quantum theory arose, these mistakes were not discovered. The researchers 
of the 20th century were forced to invent additional hypotheses (quantum principles) , 
which could compensate unknown mistakes in the foundation of the physical theory 
of microcosm phenomena. In the same way Ptolemeus constructed his doctrine 
of the celestial mechanics, where the mistake concerning the Earth motion was 
compensated by additional suppositions. The Ptolemaic doctrine described correctly 
the motion of planets, but it cannot be used for discovery of the Newtons gravitation 
law and for calculation of trajectories of rockets in their travel to other planets. 
In the same way the contemporary quantum theory describes correctly the atomic 
spectra and other nonrelativistic quantum phenomena, but it fails in the description 
of the specific relativistic quantum phenomena. The Ptolemaic doctrine (as well as 
the contemporary quantum theory) was a list of the prescriptions, which lead to true 
experimentally tested predictions. But not all these prescription were connected 
logically between themselves. Some of them were compatible only in some region 
of parameters of the theory, and the doctrine cannot be applied outside this region. 
List of these prescriptions did not form a logical structure, and the reason was an 
incorrect fundamental supposition, concerning the Earth motion. The list of the 
Ptolemaic prescriptions did not form a logical structure. It could be applied only 
to the planet motion, but it could not be extended to motion of other celestial 
bodies (comets, rockets). The Copernicus doctrine was a logical structure, because 
it did not contain mistake concerning the Earth motion. It could be extended to 
the motion of any celestial bodies. 

Analogous situation takes place in the contemporary quantum theory, which also 
forms a list of prescriptions, but not a logical structure. These prescriptions work 
very well in the nonrelativistic phenomena of microcosm, but one fails to extend 
them to relativistic phenomena of microcosm. The reason of this failure is condi- 
tioned by the incorrect statements (mistakes) in the foundation of the contemporary 
quantum theory. 

We list the incorrect statements (mistakes), which must be corrected for a con- 
struction of a satisfactory theory of microcosm phenomena. 

1. The straight is a one- dimensional line in any space-time geometry. This state- 
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ment forbids space-time geometries, where the motion of free particles is pri- 
mordially stochastic. 

2. Any statistical description is produced in terms of the probability theory. This 
statement forbids the dynamical conception of the statistical description, which 
does not use the concept of the probability density as a main concept of the 
statistical description. 

3. The free particle Hamiltonian function H and its energy E, taken with the 
opposite sign, always coincide {E = —H). 

The fourth problem, which should be overcome, is not a mistake. It was a purely 
mathematical problem. Without solving this problem, one cannot obtain the correct 
interpretation of the wave function as a method of an ideal fluid description. We 
consider this problem in the second section. 

Two first points concern the quantum theory as a whole, whereas the third 
point concerns only relativistic quantum theory. It concerns the problem of the pair 
production and depreciates many papers on the relativistic quantum field theory. We 
show this in the example of the second quantization of the nonlinear Klein-Gordon 
equation 

d'^ip-V^ip + m'^ip=:\ip^ipip: (1.1) 

where the speed of the light c = 1, the quantum constant h = 1, and A is the 
constant of self-action. 

At the secondary quantization the nonlinear term in rhs of (jl.l|) provides the 
pair production, if one imposes some additional constraint [3 lU IS] 

ijPk-PktlJ = -tn^, P'' = jT'"'d^, fc = 0,l,2,3 (1.2) 

where T'^^ is the energy-momentum tensor. Conventionally the condition ()1.2j) is 
considered to be the condition, which is necessary for the secondary quantization. 
Nobody does not consider the conditions ()1.2|) as some additional constraints, which 
are not necessary for the secondary quantization, and nobody tests compatibility of 
constraints ()1.2|1 with the dynamic equation (jl.lj) . However, the secondary quanti- 
zation of the equation ()1.1|1 is possible without imposition of constraints ()1.2|1 
It means that the conditions p.2|) are additional constraints and compatibility of 
constraints p.2|) with the dynamic equation p.lj) is to be tested. The test has been 
made in |7|. It has been shown, that the relations p.2|) and ()1.1|) are compatible 
only in the case, when the self-action constant A = 0, and the dynamic equation 
(II. Ij) is linear. 

Thus, although the statement of the pair production problem in the form of two 
relations (jLip and ()1.2|) leads to the pair production effect 13 111 El , but this 
result is not reliable, because the statement of the problem is inconsistent. Besides, 
the mathematical formalism is imperfect, because it uses perturbation theory and 
renormalization. Combination of the inconsistent statement of the problem with the 
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imperfect mathematical technique admits one to obtain any desirable result (in the 
given case the effect of pair production). 

On the other hand, the secondary quantization of the equation (jl.lj) without 
imposition of ()1.2j) provides the consistent statement of the problem with the perfect 
nonperturbative mathematical technique (without renormalization). However, the 
pair production effect is absent at such a consistent statement of the problem [7j. 

What is the physical ground of the constraint ()1.2|) . which leads to the pair 
production effect? If = the relation ()1.2p describes the well known fact that 
for the free particle H = —E, where H is the Hamilton function, defined as the 
quantity canonically conjugate to the time t, and E is the particle energy, defined as 
an integral of the component of the energy-momentum tensor. But this relation 
is valid only in the case, when the pair production is absent jH]. In the general 
case, when there is the pair production, the imposition of constraint ()1.2|) means 
that the description is produced in terms of particles and antiparticles, which are 
considered as different dynamic systems [S]. The number of objects is indefinite, 
and one is forced to use the perturbative methods. On the contrary, absence of 
the constraint ()1.2|) means that the description is produced in terms of world lines, 
which are considered as the fundamental objects of dynamics. The number of these 
extended objects is fixed, and one may use nonperturbative methods of investigation 
(see details in 

Dynamics, where the dynamic system (particle) exists only some time and dis- 
appears at some time moment after collision with the dynamic anti-system (antipar- 
ticle), is inconsistent. The technique of classical dynamic systems does not admit 
one to use such a dynamical description. However, the same tecnique admits one to 
describe this collision, if a particle and an antiparticle are different states of the same 
physical object (world hne), and evolution of the dynamic system is determined by 
a parameter changing monotone along the world line. In this case the collision leads 
only to a transition from one state to another. Mathematical technique of quantum 
theory also cannot overcome the difficulty, connected with particle and antiparticle 
as different dynamic systems. The belief, that we can overcome this difficulty, in- 
troducing creation and annihilation operators, is delusive. It is a reason, why the 
relations (jl.lj) and (jl.2j) are incompatible, and it is the third point in the list of 
mistakes. 

It means that a simple addition of the nonlinear term to the linear Klein-Gordon 
equation does not provide the pair production effects. The reasons, generating the 
pair production, have a more comphcated structure, than a simple product of the 
creation and annihilation operators. Besides, these reasons have a classical analog 
in the form of specific force fields. (See for details |9|). 

We see in the considered example, that the quantum principles do not work in 
application to the relativistic quantum systems, or at least, they are not effective in 
application to them. There is a hope that the relativistic quantum systems can be 
investigated more effectively by dynamical methods, which do not use the quantum 
principles. 

The above-mentioned mistakes look very simple, and it is very difficult to believe 
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that a correction of these incorrect statements could lead to a construction of a sat- 
isfactory theory of the microcosm phenomena. However, these mistakes underlie of 
the contemporary quantum theory of microcosm phenomena, and correction of them 
is very important for further development of the microcosm phenomena theory. In 
particular, correction of the first mistake leads to construction of the new conception 
of geometry [10^ and to a revision of our space-time conception in the microcosm. 
The scale of this revision is comparable with the scale of revision connected with 
appearance of the relativity theory Correction of the second mistake lead to a 
construction of the dynamical conception of the statistical description. Dynamical 
methods of this conception are used in the present paper. But we apply the dynam- 
ical methods without a reference to their physical foundation. The fact, that the 
dynamical methods have appeared in accordance with the Newtonian investigation 
strategy as a result of correction of a mistake, is very important from the logical 
viewpoint. 

Unfortunately, this fact is of no importance for contemporary pragmatic theo- 
rists, educated on the experimental-fitting method of investigation. They do not 
believe in any foundation and trust only in effectiveness of the applied investiga- 
tion methods. In the given case I prefer to use their rules, in order the paper 
were transparent for most readers, educated on the experimental-fitting method of 
investigation. 

As concerns the third mistake, it is not yet corrected properly in the sense that 
the effective theory of the pair production effect is not yet constructed. It is clear 
only, that application of the quantum principles in solution of this problem leads to 
the blind alley. 

In this paper we show that the dynamical methods of investigation (without a 
use of quantum principles) are founded logically. Besides, they are more effective in 
application to the investigation of the Dirac particle, than the conventional methods, 
based on the application of quantum principles. 

2 Dynamical methods of investigation 

We use a more developed mathematical technique for a description of quantum 
systems. This technique supposes that all essential information on the quantum 
dynamical system is contained in the dynamic system itself. Such specific quan- 
tum concepts as the wave function and principles of quantum mechanics appear to 
be only the means of description. The wave function as the means of description 
may be applied to both quantum and classical dynamic systems. But the quantum 
principles may be applied only to quantum dynamic systems, because they contains 
some constraints, which are not satisfied for classical systems. The quantum system 
and classical system distinguish dynamically (in additional terms in the action), but 
not in the way of description. This fact becomes to be clear, when both systems 
are described in the same terms. For instance, the quantum system and the corre- 
sponding classical system may be described in terms of the wave function, or both 
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systems may be described in terms of the particle position and momentum. The 
difference between the various methods of description hes only in the convenience of 
their application. A use of the wave function is effective in description of quantum 
systems, because in this case the dynamic equations are linear. On the contrary, the 
description in terms of the particle position is convenient for description of classical 
systems, where dynamic equations are ordinary differential equations. 

Progress in the development of the mathematical technique has a mathematical 
ground: integration of dynamic equations. This pure mathematical achievement has 
physical consequences. It appears that the quantum mechanics may be considered 
to be a statistical description of randomly moving particles. We underline that we 
investigate well known quantum systems, and all new results are corollaries of the 
more developed methods of investigation. It is meaningless to argue against the new 
obtained results by a reference to experimental data, because such arguments are 
arguments against the considered dynamic systems, but not against the methods of 
investigation. Experimental data may not be arguments against the mathematical 
methods of investigation in principle. As to the investigated dynamic systems, we 
admit that they may be imperfect and need an improvement, but this problem lies 
outside the framework of the paper. 

We show new mathematical methods of investigation in the simple example of the 
Schrodinger particle Ss, i.e. the dynamic system Ss, described by the Schrodinger 
equation. 

The action for the free nonrelativistic quantum particle Ss has the following form 



Ss : [^,r] = J {"-^{rdo^ - dor ■ ^) - 1;^^*^^} dtd^ (2-1) 

where ifj = [t, x) is a complex one-component wave function, r = r (^i ^) is the 
complex conjugate to ip, and m is the particle mass. The action ()2.1|) generates 
dynamic equations 

ihdoiJ = -T^VV, -^mr = -tI^VV (2.2) 
2m 2m 

The 4-current and the energy-momentum tensor are the canonical quantities 
associated with the action i'?/'; "i/^*]- They are determined by the relations 

(2^3) 

d{dkiJ ) d{dkip) 
where C is the Lagrangian density for the action ()2.ip 

£ = y irdoi' - dor ■ r - (2-5) 
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The dynamic system Ss is determined completely by dynamic equations ()2.2|) 
and expressions ()2.3|) . ()2.4|) for the 4-current and the energy-momentum tensor. 
Only connection between the particle and the wave functions is not described by 
these relations. This connection is described by means of the relations 
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{F (x, p)) = B J Re {ij*F (x, p) i/j} dx, p = -ihV, ^ = (/ 

'(2.6) 

which define the mean value (F(x, p)) of any function F (x, p) of the particle co- 
ordinates X and momentum p. Application of the rules ()2.6jl is restricted by some 
conditions. They demand that the dynamic equations be linear and the wave func- 
tion be a vector in the Hilbert space of states. We shall refer to the relations ()2.(j|l 
together with the restrictions imposed on its applications as the quantum principles, 
because von Neumann has shown J2] , that the quantum mechanics can be deduced 
from relations of the type ()2.6|1 . provided they are valid for all observable quanti- 
ties. Thus, the interpretation of the wave function is carried out on the basis of 
the quantum principles, which are something external with respect to the dynamic 
system Ss- 

In reality, the quantum principles are not necessary for interpretation of the 
dynamic system Ss- It is sufficient to make a proper change of dynamic variables 
and to describe the dynamic system Ss in terms of the particle coordinates x. Such a 
description does not contain the enigmatic wave function, whose meaning is unclear, 
and one does not need the quantum principles ()2.6|) for its interpretation. The 
Schrodinger particle Ss is a partial case of the generalized Schrodinger particle Sgs, 
which is the dynamic system Sgs, described by the action 




- I* I _ip crip . , 

p = ipip, s= , cr = {cr„|, a = 1,2, 3, 

P 

Here ip = {tpljy V^* — H'lyi'l) the two-component wave function, and cTq are the 
Pauli matrices. The 4-current is defined by the relation ()2.3|1 with two-component 
wave function ip- In the case, when components ipi and ?/'2 linear dependent (for 
instance, ip = (t^^)y the mean spin vector s =const, and the last term in the action 
()2.7j) vanishes. In this case the dynamic system Sgs turns into the dynamic system 

(EH). 

One can show, that the dynamic system Sgs is another representation of the 
dynamic system S [Sst], i.e. the action for Sgs can be obtained from the action for 
the dynamic system S [Sst] by means of a proper change of variables ^3] . 
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The dynamic system £ [Sst\ is a statistical ensemble of stochastic particles iSst- 
It is described by the action 

\^\dt) + y^st - 2 ^"st Mtrf^ (2.9) 

where Ugt = Ugt (t,x) is a vector function of arguments x (not of t,^), and x = 
x(t,^) is a 3-vector function of independent variables t, ^ = {^i,'C25 'Ca}- Dynamic 
equations for the dynamic system £ [Sst] are obtained as a result of variation of the 
action ()2.9|) with respect to dependent dynamic variables x, u^^.. In the action ()2.9|) 
the variables ^ label stochastic systems iSst, constituting the statistical ensemble. 
The operator V is defined in the space of coordinates x by the relation 

V = {9.,4.93}^{^.^,^} (2.10) 

The 3-vector Ust describes the mean value of the stochastic component of the particle 
motion, which is considered to be a function of the variables t, x. The first term 
Y (^) describes the energy of the regular component of the stochastic particle 
motion. The second term mUg^/2 describes the energy of the random component 
of velocity. The components ^ and Ugt of the total velocity are connected with 
different degrees of freedom, and their energies should be added in the expression 
for the Lagrange function density. The last term — ^VUst/2 describes interplay 
between the velocity ^ of the regular component and the random one Ust- 

The action ()2.9p is a sum (integral) of actions for independent stochastic systems 
Sst, labelled by the parameters ^ = {^1,^25^3}- stochastic system S^t is a 

stochastic particle, whose state is described by its coordinate x(t). The action for 
the stochastic system Sst is obtained from the action ()2.9|) for £ [S^t] ■ It has the 
form 

/[ TTl [ G?X \ Tfl Th I 

\'2\dt) + y^'t - 2^^«t (2-11) 

where x = x(t). In reality, the action ()2.11|) is not well defined mathematically, if 
^ 7^ 0. It is only symbolic, because the operator ()2.10|) is defined in the vicinity of 
the point x, but not at the point x itself. As a result the dynamic equations for the 
stochastic system iSst do not exist, if 7^ 0. This fact agrees with the stochasticity 
of iSst. By definition the system iSst is stochastic, if there exist no dynamic euations 
for iSst. If we cut off interaction with the stochastic agent, setting ^ = in the 
action ()2.11|) (or remove two last terms), we obtain the well defined action for the 
free nonrelativistic deterministic particle S^ 

\'2\dt) +Y^'*f^^' ^ = ^(^) (2-12) 
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The Schrodinger particle Ss ()2.1|) is a partial case of the dynamic system S [Sst] 
()2.9p . whereas the generalized Schrodinger particle iSgs ()2.7|) coincide with the dy- 
namic system £ [S^t] (Q. The action may be obtained from the action ()2.9|1 
mathematically by means of a proper change of variables, (see Appendix A). 

Interpretation of the dynamic system ()2.9j) is very simple, but dynamic equations 
for S [Sst] are rather complicated. They have the form 

~ + ^ T7^st - o^Ust = (2.13) 



5x dt^ \2 2 

= mustp + ^ Vp = 0, (2.14) 
dUst 2 

where p is the function of derivatives of x with respect to ^ = {C^^, ^3}) determined 
by the relation 



p 



Resolving the relation ()2.14j) with respect to Ugt in the form 



(2.15) 



2m 

and eliminating Ugt from ()2.13|1 . we obtain 



Ust = -7^Vlnp, (2.16) 




= -VU (p, Vp) , (p, Vp) = 1^ I ^ - 2^ 1 (2.17) 

Thus, dynamic equations, generated by the action ()2.9|) . describe the regular motion 
component of any particle Sst, as a motion in a very complicated potential field U, 
depending on the distribution of all particles of the statistical ensemble £ [Sst] ■ Of 
course, the trajectories x = x (t, ^) do not describe the motion of individual stochas- 
tic particles. They describe only statistical average motion of stochastic particles. 
The situation reminds situation in the gas dynamics. The dynamic equations of 
the gas dynamics describe the motion of the "gas particles", which contain many 
molecules. Motion of the gas molecules is random and chaotic. It cannot be de- 
scribed by the gas dynamics equations, which describe only regular component of 
the molecule motion. 

Note, that the term yu^^ in ()2.1H) looks as a kinetic energy, but according to 
()2.16|) it does not depend on the temporary derivative x, and in dynamic equations 
it acts as a potential energy. 

The statistical ensemble ()2.9|1 may be considered to be some fluid. We may speak 
about the flow of the statistical ensemble S [Sst], keeping in mind, that dynamic 
equation ()2.17|) for the dynamic system £ [Sst] may be interpreted as hydrodynamic 
equation for some "quantum" fluid. 

On the contrary, the dynamic equations, generated by the action ()2.1|1 . are lin- 
ear and rather simple, whereas their interpretation is very complicated, because it 
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uses the principles of quantum mechanics ()2.6p . Thus, the description by means 
of the action ()2.9p admits a simple interpretation, but dynamic equations are very 
complicated for a solution. 

If the actions ()2.H) and ()2.9|1 describe the same dynamic system (further for 
brevity we shall speak about equivalence of dynamic systems ()2.H) and ()2.9|1 . al- 
though in reality the action ()2.H) is only a partial case of the action ()2.9|) ). it is 
reasonable to use the dynamic system £ [Sst\ as starting point for the statement of 
the problem and for interpretation of the results obtained, whereas the dynamic 
system Ss will be used only for solution of dynamic equations, which have a simple 
form in terms of the wave function. 

Why was this evident circumstance not used before? Why was the problem of 
the stochastic motion of microparticles stated in terms of enigmatic wave function? 
The answer is very simple. The connection between two different forms ()2.H) and 
(|2.9|) of the action for the Schrodinger particle has not been known for a long time. 

It is known, that the Schrodinger equation can be written in the hydrodynamical 
form [14 . D. Bohm ^3] used this circumstance for the hydrodynamic interpretation 
of quantum mechanics. But it was only interpretation of the quantum principles in 
the hydrodynamical terms. He failed to eliminate the quantum principles and the 
wave function from the foundation of the quantum mechanics, and the wave function 
remained to be an enigmatic object - the vector in the Hilbert space. One failed 
to connect the wave function with the hydrodynamic variables: the density p and 
the velocity v. In more exact terms the connection between the wave function and 
hydrodynamic variables p, v was established, but it was a one-way connection. In the 
case of the irrotational flow the hydrodynamical variables can be expressed via the 
wave function ip, but one cannot do this in the case of the irrotational flow. Hence, 
one can transit from the description in terms of the wave function to the description 
in terms of p, v, but one cannot transit from the hydrodynamic description in terms 
of p, V to a description in terms of if), because, in general, the fluid flow is rotational, 
and the dynamic system ()2.9|) cannot be described in terms of the one-component 
wave function. 

Let us present the wave function in the form 

^ = v^e^^ (2.18) 

substitute it in the Schrodinger equation ()2.2|1 and separate the real and imaginary 
parts of the equation. We obtain two real equations 

5olnp = -— (VV + VlnpV<^) (2.19) 

To obtain hydrodynamic equation, one needs to take gradient of the equation ()2.2()|1 
and introduce the velocity v = {f ^, f ^, f'^} by means of the relation 

v=— (2.21) 

m 
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We obtain 

dop + do, {pv") = 0, (9ow" + v'^dpv"= -^dpF""^, a = 1, 2, 3 (2.22) 
where P"'^ is the tension tensor 

P"^ = ^ {^^^ - a.9,p) (2.23) 

The hydro dynamic equations ()2.22j) are obtained as a resuh of differentiation of 
the equation ()2.2|) . written in terms of the wave function. It means that to transit 
from the hydrodynamic equations (j2.22p to the equation, written in terms of the 
wave function, one needs to integrate the hydrodynamic equations (j2.22p . Besides, 
in the case of the irrotational flow the wave function is presented in terms of p and 
hydrodynamical potential (p. The same is valid in the general case, but the number 
of the hydrodynamical potentials is to be more than one, and it is necessary to 
introduce additional hydrodynamic (Clebsch) potentials. 

The problem of integration of the hydrodynamical equations is rather compli- 
cated problem, which has been solved only in the end of eighties To solve this 
problem, it was necessary to develop a special Jacobian technique [12], which was 
used already by Clebsch [TTl HH] . 

As soon as the hydrodynamic equations for the ideal fluid have been integrated, 
it becomes clear, that the wave function is simply a method of the ideal fluid de- 
scription. The wave function ip ceases to be an enigmatic vector of the Hilbert space, 
whose meaning was obtained only via quantum principles. Now one can determine 
the chain of the dynamic variable transformations which turn the action ()2.9|) into 
the action (|2.7p (for details see Appendix A). As a result the action (j2.9p may be 
used as a starting point for the description of the quantum Schrodinger particle iSg. 
At such a description the quantum principles (|2.6|) are not needed, because they are 
only a tool for interpretation of the wave function. 

The statistical ensemble ()2.9|) as the starting point of the quantum description 
has a series of advantages over the action ()2.H) : 

1. The statistical ensemble ()2.9|) is a very transparent construction founded on 
the simple physical idea, that the quantum particle is a stochastically moving 
particle. 

2. It does not use quantum principles, which are nonrelativistic and cannot be 
extended properly to the relativistical case. 

3. Statistical ensemble ()2.9|) is a more general construction, because the action 
(12.11) is a partial case of the action ()2.9|) . 

4. In the statistical description, founded on the action ()2.9|) . there are three 
different aspects: dynamical factor, statistical factor and random factor. Each 
of these factors can be separated as a corresponding term in the action and 
investigated apart. 
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5. Description in terms of the dynamic system ()2.9|) is a statistical description. 
As any statistical description it contains two objects: the individual stochas- 
tic particle Sst and the statistical average particle (iSst). Respectively there 
are two kinds of measurements: individual measurement (S- measurement) 
produced over the individual particle Sst and the massive measurement (M- 
measurement) produced over the statistical average particle {Sgt)- These mea- 
surements have different properties, and their identification is inadmissible. 

The complexity of dynamic equations ()2.17|) is the only defect of the statistical 
description ()2.9|1 . 

We underline that the transition from the action ()2.9j) as a starting point to the 
action ()2.1|) is motivated mathematically. No additional physical arguments have 
been used for the substantiation of the statistical ensemble ()2.9|) as a starting point 
of the quantum description. 

If we consider stationary states of the statistical ensemble, we are interested only 
in the value of the magnetic moment (which is supposed to be connected with the 
value of the total spin). In this case the spin origin is of no importance. But if 
we investigate the individual particle structure, it is important, whether the spin is 
generated by the individual particle, or it is generated by vorticity of the fluid flow. 
It is meaningless to classify the particles over their spin, if the spin has a collective 
origin, and the individual particle has not its own angular moment. If we use the 
conventional approach to the quantum mechanics, i.e. if we start from the action 
()2.H) we cannot separate dynamical and collective properties directly. Only starting 
from the action ()2.9|) . we can try to solve this problem for concrete dynamic systems 
(for instance, the Dirac particle Sb and the Pauli particle Sp). If a researcher 
stands on the viewpoint of the Copenhagen interpretation, where the wave function 
describes the state of individual particle, the statement of the problem seems to be 
incorrect for him. 

The collective origin of the spin can be perceived, only using statistical approach 
presented by the action ()2.9|) . The statistical description, founded on the action ()2.9|) 
leads to the statement that wave function describes a state of the statistical ensemble 
S [Sst], but not a state of a single quantum particle. Discussion of the question, what 
object is described by the wave function, has a long history. Some researchers jTH] 
beheve, that the wave function describes the state of a single quantum particle, 
whereas other ones [201 HI] believe that the wave function describes the state of the 
statistical ensemble. There is a long list of different opinions about this question, 
but we do not present them, because this problem is not a question of a belief. It 
can and must be solved on the basis of the mathematical formalism. 

The problem is set as follows. What dynamic system is described by the action 
()2.H) ? A single quantum particle, or a statistical ensemble of single particles? Let 
us go to the limit h 0. Then the action ()2.1|) will describe the classical dynamic 
system Ssd- If the dynamic system Ssd is a single classical particle, then the wave 
function describes the state of a single particle. If the dynamic system Sc\ is a 
statistical ensemble of classical particles, then the wave function describes the state 
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of a statistical ensemble of single particles. One cannot go to the limit — > in the 
action 1)2.11) directly, because the description of the dynamic system Ss degenerates. 
We make the change of variables 



^-^^6= |V|exp(^^log^^ , V= l^fe|exp(^^log^^ (2.24) 

where 6 7^ is some real constant. After this change of variables the action (|2.1|) 
turns into 

Ss : As [^6, n] = y || indo^t - don ■ ^^b) - ^Vvl>*Vv[/, 

-^^-^{Vl^.lf'^dtd^ (2.25) 
The dynamic equation takes the form 



—V'^t - + 

2m 8m \ p p 



ibdo^b = -— ^'^'> - -^Z— I + 2V— I ^b, P = n^^b (2.26) 



Instead of ()2.3p . we obtain 

p = j = (^5V^5 - V^,* ■ ^b) (2.27) 

Setting h = Om (jT^ . ()T^ . we obtain 

r { ih h"^ 



b 



,2 



+ — (Vl^fel)' ^rftdx (2.28) 
2m 



,Wo^^ = v^vi/, + ^ ( + 1 VI/,, p^ mim, (2.29) 

2m 8m \ p p 



The action ()2.28|) describes the statistical ensemble of free classical particles and, 
hence, the wave function describes the statistical ensemble, but not a single particle. 
The action ()2.28p may not describe a single classical particle, because the dynamic 
system 1)2.28)1 has infinite number of the freedom degrees. As far as the description 
1)2.28)1 in terms of the wave function ^>i, is a limit ^ — > of the description in terms of 
the wave function ip, the wave function tp in ()2.1)1 may not describe a single quantum 
particle. Thus, the supposition that the wave function describes a state of a single 
particle is incompatible with the quantum mechanics formalism. 

According to the Copenhagen interpretation of quantum mechanics the wave 
function ip describes the state of a single quantum particle, whereas the state of a 
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classical particle is described by its position x and its momentum p. It is supposed 
that the wave function is a specific quantum quantity, which has no classical analog. 
In accordance with this approach one may not go to the limit ^ — > in the action 
(j2IH), because the action vanishes, and the description degenerates. 

The transformation ()2.24|1 changes only the scale of the wave function phase 
hi{ip/ and this change may be very slight. The wave function \l'b is the valid 
wave function, which can be used, in particular, for calculation of average values by 
means of the relation ()2.6|) . This calculation may be produced for any value of the 
constant b. The wave function describes the same state of Ss at different values 
of the parameter b, because the state of the dynamic system does not determine 
the wave function uniquely, and the same state of Ss may be described by different 
wave functions. From viewpoint of the statistical description ()2.9|) the wave function 
is not uniquely defined, because it is constructed of hydrodynamic potentials, i.e. 
it is a result of integration of uniquely defined velocity v. The parameter b in the 
transformation (|2.6p is a constant of integration. 

We may set b = h in the relations ()2.28|) . ()2.29|) and obtain a description of 
"classical particle " in the form containing the quantum constant h. 

cSsci : ^sci r] = y { y irdo^ - dor ■ ^ - 

dtdi^ (2.30) 




i^ao^ = -^V'^ + 33 I ^^3;^ + 2V^ I V', p = ri^ (2.31) 

The same result may be obtained from ()2.28p . ()2.29|) by means of the transforma- 
tion inverse to the transformation (j2.24j) . Formally the action (j2.3(J|) distinguishes 
from the action (j2.ip in the last term, which describes a lack of quantum effects. 
The quantum constant in two first terms has no relation to quantum effects. The 
dependence on % is conditioned by a special choice of the arbitrary constant b. 

The action ()2.30|) describes the dynamic system iSsd = £ [Sa\ in the " quantum 
language", i.e. in terms of the wave function. The action 

5sci = £ [S,] : ^,[5,] M = / y ) ' dtdi (2.32) 

where x = x(t,^), describes the same dynamic system in the "classical language", 
i.e. in terms of classical variables x, p. In the same way the action 1)2.11) describes 
the dynamic system Ss = £ [Sst\ in quantum language, whereas the action ()2.9|1 
describes the same dynamic system in the classical language. It is reasonable that 
the quantum system Ss is described simpler in the quantum language, whereas the 
classical system Ssd = £ [Sd\ is described simpler in the classical language. However, 
it is not a reason for the statement that the quantum system is to be described in 
the quantum language (in terms of the wave function). 



15 



Two different description of the classical system Sc\ can be used for interpreta- 
tion of the rule ()2.6p and for interpretation of the correspondence principle. The 
obtained results may be applied to the quantum system Ss, because the difference 
between the dynamic systems Ss = S [Sst] and Ssd = £- \Sa\ , described respectively 
by actions ()2.H1 and ()2.H()j) . manifests itself only in the additional nonlinear term in 
the dynamic equation. The possibility of description Ss = S [Sst] and Ssd = £ [Sd\ in 
both languages (classical and quantum) shuts the door before the Copenhagen inter- 
pretation, where the wave function is supposed to describe a single particle. Thus, 
there is neither reason nor excuse for application of the Copenhagen interpretation. 

The rules fl2.fi |1 are statistical relations, which can be applied to both classical 
and quantum statistical ensembles. Some results of their application appear to be 
rather curious. For instance, the momentum distribution 

^ (p) = V'^V^p, = / '^''''^ (""^ ^2-22) 

at the state described by the wave function %p appears to be rather the mean mo- 
mentum distribution, than the momentum distribution [22]. Let us manifest the 
difference between the momentum distribution and the mean momentum distribu- 
tion (distribution over mean momenta) in the example of the ideal gas. 

Let us consider a gas, moving with the constant velocity u (x) = u =const. As 
any fluid such a gas motion may be described by the wave function. It has the form 

, , , , / zmux im\j? \ , , . 

i) (t, x) = A exp ( ^t j , A = const (2.34) 

where m is the mass of the gas molecule. The density p and the velocity u, described 
by the formulas (Q, 

are constant and satisfy the hydrodynamic equations with arbitrary form of the 
internal energy. 

Calculation by means of the formula ()2.33|) gives 

w (p) dp = ifjpijjpdp = B5 {p — mu) dp (2.36) 

where 5 is a constant and 6 is the Dirac ^-function. Chaotic motion of molecules is 
described by the Maxwell distribution 

It depends on the gas temperature T and has nothing to do with the distribution 
fj2.36|) . The gas motion is described by the gas dynamic equations, which do not 
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take into account chaotic molecular motion and do not contain a reference to the 
Maxwell distribution. What is the distribution ()2.36p ? 

Let us divide the volume V of the gas flow into similar cubic cells Vi, V2, ...Vat, 
1. Let the following conditions be satisfied 



lc<^L, l^tTcl < L, |u(x)|<wt = 




(2.38) 



where L is the linear size of the cell, 1^ is the mean path between the molecule 
collisions, t^. is the mean time between the collisions and ft is the mean thermal 
velocity of molecules. 

Let us calculate the mean momentum (pj) of the gas molecule in the cell Vi. We 
obtain (p^) = mu (x), x G V^, i = 1, 2, ...N . The set of all (pi), i = 1,2, ...N forms 
the mean momentum distribution. This distribution is determined completely by 
the gas flow, and it has nothing to do with the Maxwell momentum distribution 
()2.37|) . which describes both the regular and random components of the molecule 
momenta. Under conditions ()2.38|) the mean momentum distribution is much nar- 
rower, than the Maxwell distribution, because the Maxwell distribution takes into 
account the random component of the molecule velocity, and in the given case the 
random component is much larger, than the regular one. In the given case the 
relation ()2.36|) may be rewritten in the form 

w ((p)) d (p) = r^ij^d (p) = B5 ((p) - mu) d (p) (2.39) 

where (p) is the mean particle momentum. 

Besides, any (pj) is labelled by the index i, or by the coordinate Xj of the volume 
Vi. It means, that variables x and (pj) are not independent, and mutual coordinate- 
momentum distribution does not exist. In the Copenhagen interpretation the lack 
of the mutual coordinate-momentum distribution is explained by the noncommuta- 
tivity of operators x and p = —iKW, and the distribution ()2.33|1 is considered to 
be a distribution over the stochastic component of the momentum (some quantum 
analog of the Maxwell distribution). There are other unexpected characteristics of 
the rule (ElHl . 

The rule fl2.6|) is only a method to obtain the information contained in the 
investigated dynamic system. This information can be obtained from the dynamic 
system by other methods. An application of the rule (j2.6j) does not add any real 
information beyond that one, which is contained in the investigated dynamic system. 

3 Dynamic disquantization 

The quantum langauge, i.e. the description, containing the quantum constant h, 
may be used for a description of a classical dynamic system, because the quantum 
constant h may be used instead of the arbitrary dynamical constant h. Replacement 
of dynamical constant h by the quantum constant is produced to make the dynamic 
equations to be linear. For instance, in the action (j2.25p the quantum constant h 
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is used naturally, i.e. in the sense that setting ^ = 0, we suppress the quantum 
effects. In the action ()2.1|) for the same dynamic system the quantum constant h 
is used artificially in the sense that setting h = 0, we do not suppress the quantum 
effects. Furthermore, setting h = 0,we destroy any description. But the action ()2.1|1 
generates linear dynamic equation, and this circumstance is a reason of the artificial 
identification b = h, when the dynamical constant b is identified with the quantum 
constant h. 

Such an artificial identification may be produced in other quantum systems (for 
instance, in Sb and iSp), and we cannot be sure, that setting ^ = 0, we suppress 
the quantum effects. Besides, we cannot be sure that, using the transformation of 
the type ()2.24|) . we can separate the quantum terms from dynamical and statistical 
ones. 

We need a more effective formal dynamical procedure, which could suppress the 
stochastic terms. Let us compare dynamic equations (|2.17|) for Ss = S [Sst] written 
in the form 

^ = -Vf/(p,Vp), -77 = -, Uip,Vp) = — 
at at m 8m 

with the dynamic equations for Sq,c\ = £ [S^ , which have the form 

^ = 0, ^ = P (3.2) 
at at m 

where x = x (t, ^), p = p (t, ^). Dynamic equations (j3.1|) . are the partial differential 
equations, because p is defined by the relation (j2.15p . containing derivatives with 
respect to ^q,, a = 1,2,3, whereas dynamic equations ()3.2|) are ordinary differential 
equations. Equations ()3.2j) contain derivatives only in one direction in the space of 
independent variables {t,^}, whereas equation p.ip contain derivatives in different 
directions of the space of independent variables {t,^}. This property is conserved 
at any change of independent dynamical variables, and, in particular, at the change 
{t, ^} — > {t, x}. If a system of partial differential equations contains derivative only 
in one direction of the space of independent variables, this system can be reduced 
to the system of ordinary differential equations by means of a proper change of 
variables. 

If we want to suppress the quantum effects, we must to reduce the system of 
partial differential equations to the system of ordinary differential equations. To 
make this, we should project derivatives in the space of independent variables onto 
some direction. Then the system will contain derivatives only in one direction, and 
hence it may be reduced to the system of ordinary differential equations. Onto what 
direction should derivatives in the system (|3.1|) be projected, to obtain the system 

Such a direction is described by the 4-current j'' = {p, j} = {j'^} , A; = 0, 1, 2, 3 in 
the space-time. The projection should be made in the space of independent variables 
{t, x}, i.e. in the space-time. It is convenient to choose dependent variables in such 
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a way, that the 4-current j*^ were one of dependent variables. We take the action 
()A.22|) for the dynamic system Ss = S [Sst] 



A[5.]b,ej]= I \'i'-^-bf{d,y. + g-{^)d,U-^^^}d'x, (3.3) 




where according to ()A.15|) and ()A.19|) 

/ = {pJ} = {p,-(Vv. + ^?"(Ovu| 

I m J 



(3.4) 



and {$,), a = 1, 2, 3 are arbitrary functions of argument 

The second term in the action ()3.3|) contains derivatives only in the direction of 
the 4-vector j^. In the last term of ()3.3|) the derivatives are to be projected onto 
the vector j'^. We are to make the change 

■ 'fc 

di ^ din = ^-^dk, ^ = 0,1,2,3 (3.5) 
in the action ()3.3|) . We obtain 



if dip) 



p p pU'Js) 

■ ■ -2 2 2 -s ■ 2 2 2 2 

JaJa = J=PV, J = c p - p V 



(3.6) 



In the nonrelativistic approximation, when the velocity |v| ^ c, we obtain the 
following estimation 

{Vpf ^ {j%pf 
p c^p^ 

In the nonrelativistic approximation c —>■ oo the last term in the action ()3.3|) is to 
be neglected after the change (j3.5|) . Thus, in the case of the Schrodinger particle Ss 
the change (j3.5p leads to a suppression of quantum effects. 

We shall refer to the procedure ()3.5p as the dynamical disquantization, because 
it transforms the Schrodinger particle Ss = S [Sst] into the classical system iSsci = 
S [Sd]- The dynamical disquantization is the relativistic dynamical procedure. It 
does not refer to the quantum constant and suppresses any stochasticity regardless 
of its origin. From here on we shall use the dynamical disquantization for the 
suppression of stochasticity in quantum systems. 

Strictly, the dynamical disquantization is to be applied to the dynamic equations. 
But in many cases the application of the dynamical disquantization to the action 
leads to the same result, as its application to the dynamic equations. 
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4 Nonrelativistic Dirac particle 

The Dirac particle is the dynamic system iSd, described by the Dirac equation. The 
action for the dynamic system Sb has the form 

/— % — % — c — 

{-mci/jilj + -h^p'y^diip Wii>-i^^ - -Ai'ilj'y^ip)d^x (4.1) 
2 2c 

where m and e are respectively the mass and the charge of the Dirac particle, and 
c is the speed of the light. Here is four-component complex wave function, ip* 
is the Hermitian conjugate wave function, and = tp*'-f^ is the conjugate one. 7*, 
i = 0, 1, 2, 3 are 4x4 complex constant matrices, satisfying the relation 

7V + 7V = 2^^'^, A;,/ = 0,1,2,3. (4.2) 

where I is the 4x4 identity matrix, and g^'' =diag(c~^, —1, —1, —1) is the metric 
tensor. The quantity A^, = 0, 1, 2, 3 is the electromagnetic potential. The action 
()4.H) generates dynamic equation for the dynamic system Sb, known as the Dirac 
equation 

7' (-ihdi + -Ai) + map = (4.3) 



c 

and expressions for physical quantities: the 4-flux j'^ of particles and the energy- 
momentum tensor Tl' 

— ic^ — — 

/ = c2^7^7/>, Tt = — {^^'di^ - ditp ■ 7V) (4.4) 

Here we obtain nonrelativistic approximation of the Dirac particle. Our investi- 
gation differs from the conventional derivation of this approximation (see for instance 
PP) by consideration of the high frequency solutions. To obtain the nonrelativistic 
approximation S^d of the Dirac particle 5d, we use the following representation of 
the 4x4 Dirac 7-matrices 

^-K?o). ^'^^ir)' ^v4(-LJ («) 

where o"^, /i = 1,2,3 are 2x2 Pauli matrices, and / is the 2x2 identity matrix. 
We use designations 

'jri = ihdi--Ai, TT^ = -ihdi - -Ai, / = 0,1,2,3 (4.6) 
c c 

and representation of 4-component wave functions ip in the form 

a = — (4.8) 
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where V'l and V'2 two-component wave functions, and asterisk (*) means the 
Hermitian conjugation. The action ()4.1|) for the Dirac particle iSd can be written in 
the form 

[lpl,1pl, 'ip2, ^2] = ^ j {^iTTo^l + ^2^0^2 + Clpla^n^ij^ 

+c-ipl(7fj_7ifj_'ip^ + 2mc'^-ipl^2} d'^^ + c-c. (4.9) 

where (c.c.) means the complex conjugate expression with respect to the previous 
term. 

Dynamic equations have the form 

Stpl : TToV'i = -ccr^,iTf,'ip2 (4.10) 

6ij*2 : (tto + 2mc^) ^2 = -C(X;,7r^^i (4.11) 

Expressions (j4.4p for the 4-current and the energy-momentum tensor T° turn into 

f = irii^, + r2i^,) , f = c iricT,i^2 + r2CTM , /x = i, 2, 3 (4.12) 

T° = 2mc2 iriiJi + r2^2) + y (V^t-^o^i + r2do^2) + c.c. (4.13) 

= Y irid.i^i + r2d,i^2) + c.c, /i = 1, 2, 3 (4.14) 

= 2mc^ {^*icru^2 + ^l^^u^i) + y {i'lcr^dotp2 + tpla^dotpi) + c.c, u = 1,2,3 

In the nonrelativistic case, when the speed of the light c —* oo, we have |'/r^'?/']^| <^ 
mc {ipil, and according to (|4.1H) ip2 is a small quantity, provided the temporal fre- 
quency of the quantity 1IJ2 is not too large. For simplicity we shall consider the case, 
when Aq = and ttq = ihdo. In this case, resolving equations ()4.10|) and ()4.11|) with 
respect to ipi, we obtain 

(ihdo + 2mc^) ihdoipi = c^Ti'uO'uO'f^'^fii'i (4-15) 

Using identity 

(^^icr^ = 6f,i,I + ief,„a(Ja, fi,u = 1,2,3 (4.16) 

where I is the 2x2 identity matrix and e^^a is the Levi-Chivita pseudotensor, we 
can transform the dynamic equation (j4.15|) to the form 

-do + 1 j thdoi^, = Hp (m) Q = (4.17) 

Here Q is the threshold frequency ()4.8j) of the pair production, and Hp (m) is the 
Hamiltonian for the Pauli equation. It has the form 

* <'"' = + = ^ + ^H. (4.18) 
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where tt = {711,712,113}, <t = (T2, ca} and H = {Hi, H2, H^} is the magnetic 
field 

H^ = e,^ad,A^, a = 1,2,3 (4.19) 
Let Uj- be the low frequency {\dou\ <t^Q\u\) solutions of the Pauli equations 

ihdou^ = Hp (m) u+, ihdoU- = Hp (— m) n_ (4.20) 

In the nonrelativistic case, when \7tu±\ <^ \mcu±\, the solution u± of equations 
fl4.2()|l is a low frequency solution, i.e. l^oWil ^ fi|M±|, as it follows from ()4.2()j) . 
The low frequency solution m+ (t, x) is a solution of the equation ()4.17|1 . because the 
first term in Ihs of ()4.17j) is small as compared with the second one. 

Let us consider the case, when ipi = u+ (t, x) is the low frequency solution of the 
first equation ()4.20p . In this case the first equation ()4.20|) coincides with ()4.15|) . It 
follows from ()4.11jl . that 

(4,21) 

and \ip2\ l"^!!) because in the nonrelativistic approximation |vr^'?/']^| <C mclipil. It 
follows from (|t!T^ 

f = rii^i (4.22) 

or 

j = (V^tV^, - ■ ^1) + ^A^J^i + Avx (^>^i) (4.23) 

The high frequency expression exp (zf2t) m_ (t, x) is also a solution of ()4.17p . 
Indeed, substituting it in ()4.17p . we obtain after transformation of Ihs 



[n^^ ~ 7 i^^oM- {t, x) = -e''''Hp (-m) u_ {t, x) (4.24) 

As far as (t, x) is a low frequency quantity (|9oM-| ^ I""-!)) the first term in 
Ihs of ()4.24j) is small as compared with the second one, and the function {t, x) 
is a solution of the second equation (j4.2(Jj) . Thus, the general solution of (j4.17|) has 
the form 

t/-! = u+ (t, x) + e*™M_ (t, x) (4.25) 

where (t,x) and (i,x) are two independent low frequency solutions of ()4.20p . 
Equations for m+ {t, x) and (t, x) are the Pauli equations with different sign of 
the mass m. 

The quantity 1^2 is determined by the equation (j4.11|) . whose general solution 
has the form 

(f CTT (7 \ 
Wo- -^j-^'^i{t,x.)exp{-int)dtj (4.26) 

where fl is determined by the relation (j4.8j) . and wq is an indefinite constant, which 
can be included in the indefinite integral in (j4.26|) . (The quantity Wq is a constant. 
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but not a function of x, because the quantity V'2 is to satisfy equation ()4.1U|) . and 
it is possible only if Wq =const). In the general case, when has the form ()4.25p . 
we obtain for 1^2 



^2 



yj^e'^t _ e*™^^ j {u+ {t, x) e-^^* + u. {t, x)) dt (4.27) 



In the limit Q ^ 00, the first term in the integral of ()4.27p is small as compared with 
the second term (if (t, x) 7^ 0). Integrating the first term in integral of ()4.27|) . we 
consider m+ (t, x) as independent of t. We obtain 

^2 it, x) = (t, x) e^™ - {t, x) (4.28) 

where 

u{t,x) = u {t,x)dt (4.29) 



and the arbitrary constant wq is included in the indefinite integral. 

Substituting expressions ()4.25|1 . ()4.28j) in ()4.12j) . we express the 4-current via 
solutions u+ and m_ of the Pauli equation ()4.2()|1 . The 4-current has regular com- 
ponent j^gg and oscillating component j^g, which oscillates with the high frequency 
fl. We obtain for j'^ 

j ~ ireg + ios' /c = 0, 1, 2, 3 



'rcg 



1 

ulu+ + u*_u^ + ^ (7r*M*) cr^cr^TT^u + ^^2^2 (^f^(^uT!'uU+ (4.30) 



J" 



reg 



1 / TflC^ \ 

■— (m^ct^cTi^tt - 2i-^Mlcr^a-j,7r,,M j + C.C, /i = l,2,3 (4.31) 

ios = + u* COS (f2t) + i {u*_u^ — u\_uJ) sin {VLt) 

'^2rnh ~ i'K*^u\_af^ay'Kyu) cos (fit) 

"^2m^ (7r^w*o"/iO-i^7ri,M+ + TX*^u\a ^-k ^u) sin (fit) (4.32) 



1 f TfiC^ \ 

Jos = iu*_a^ai,7T^u+ - 2i^-u\a^a^'K^,u ) cos (fit) + c.c 



{ —iu*_a nO'uT^uU+ + 2^—u*,cr^aiy7T^u ] sin (fit) + c.c. (4.33) 

2m \ n 



where (c.c.) means the expression, which is complex conjugate to the previous term. 

Note that the Dirac particle is charged. It means that the states of the Dirac 
particle, containing oscillating charge density ej'°, or oscillating current density ej. 
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are unstable with respect to electromagnetic radiation. As a result of the electro- 
magnetic emanation, the Dirac particle transits to such a state, where does not 
depend on time. Such a situation takes place for the states of the electron in the 
atom. Only stationary states, where j'^ does not depend on time, are stable. The 
frequency Q = 2mc^ /h is very high, and the instability is very strong in the sense, 
that the time of transition to the stable state is very short. 

It follows from the expressions ()4.32|) and ()4.33p . that if the state of the Dirac 
particle contains only low frequencies (m+ 7^ 0, u = 0), or only high frequencies 
(«+ = 0, u ^ 0), the oscillating 4-current vanishes (j^g = 0, = 0,1,2,3). Is 
it possible such a situation, that the oscillating 4-current j^g vanishes at the state, 
where there are low frequency components and the high frequency ones together? 

To investigate this problem, we use the relation ()4.29p and rewrite the expression 
()4.32|) for j^g in the form 

Jos = {u\dQU - cr^a^n^uj cos (nt) + c.c. 



+ ( i (dou*) u+ + 77—^ i'^l^*) 0"i/0";x7r^'U4. ) sin (ilt) + c.c. (4.34) 



1 

The condition of vanishing j^g has the form 



uldou - ^—^ (7r*M+) (T^a^Ti^u = (4.35) 

We consider the case, when the electromagnetic field does not depend on t, and 
hence operator do commutes with operators vr^, defined by ()4.(j|l . Then according 
to ()4.29p and ()4.20j) the function u satisfies the equation 

ihdou = Hp (-m) u + wq = --^a ^Oy-K ^HyU + wq (4.36) 

where wq is an arbitrary complex two-component constant. We obtain 

-^^u\a^ai,'K^'KyU + ^- (7r*n^;) a^ayiiyU + u\wq = (4.37) 

Condition of vanishing jos has the form 

2 

TflC 

'Klu^a^a^.u^ - 2i^-u\a^ay'KyU = 0, /x = 1, 2, 3 (4.38) 

5 Plane waves of nonrelativistic Dirac particle 

We describe plane waves of the Dirac particle in terms of the four-component wave 
function \Ef, defined by the relation 
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where i{j is the dynamical variable of the action ()4.H) . ip^, if) 2 are dynamical variables 
of the action ()4.9p . and I is the 2x2 identity matrix. We have two kinds of wave 
function describing the plane waves: the low frequency wave function \E'if and the 
high frequency one ^'hf 

^j^j = '^hfi = exp 2i^— + i -t + ^ 2mc'l \ 5 3 

where x cind 77 are two-component constant quantities, and k = {ki, k2, k^} =const 
(k^ ^ m^c^) is the canonical momentum of the plane wave. The plane waves ()5.2|) 
and ()5.3|) are associated with the nonrelativistic particle and antiparticle. All wave 
functions \E'if, \E'hf satisfy the nonrelativistic approximation of the Dirac equation 

(mm), (guD. 

The quantities ^J^ . ^J^ . KT^ have the form 

h k 

^IfO = ^^Jlf) ^hfO = "^Atihf (5-7) 

Expressions (j5.4|) - (j5.7|) can be obtained also by conventional method. I.e. as a 
nonrelativistic approximation of exact solutions of the Dirac equation in the form of 
plane waves. The quantities with index 'If are obtained from solution for the positive 
value of the temporal component k^ = \\/m'^c^ + k^j of the canonical momentum, 
whereas the quantities with index 'hf are obtained from solution for the negative 
value of the temporal component k^ = — \ ^Jni?c^ + k^| of the canonical momentum. 

Let us return to investigation of stability conditions ()4.35j) . ()4.H8j) . We consider 
only the case, when Aj. = 0, '''"^ ~ ihO^j,. The low frequency plane wave is 
associated with the nonvanishing quantity m+, and the high frequency plane wave is 
associated with the nonvanishing quantity or with the quantity ()4.29p . For the 
plane waves the quantities u+, u have the form 

k^,p^ ^ m^c^, = const (5.9) 
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where x+i X- ^i-re two- component constant quantities. Substituting ()5.8|) in the 
constraints ()4.37|) . ()4.38|) . we obtain 

X*+X- - ^PfiKx*+(^fi(^uX- = (5.10a) 

-Pu + =0, /x = l,2,3 (5.10b) 

Ehminating x*+^ti^uX- from equations ()5.10ap and ()5.10b|) . we obtain 

(-PmPm + X\X- = (5.11) 
As far as |p| ^ 2mc, the bracket in ()5.1H) cannot vanish, and we obtain 

XXX- = (5.12) 

Applying the identity ()4.16p to the relation ()5.10b|) and taking into account ()5.12j) . 
we obtain 

-Pu^ /^ = 1,2,3 (5.13) 

As far as the bracket in ()5.13jl cannot vanish, we obtain from ()5.13|1 

xXcTfiX- = If,, = ^ ( -Pa' + ) ' fi = 1,2,3 (5.14) 

where A is some complex number. 

Let us represent the quantities x+, X- iii the form 

Then relations ()5.12j) and ()5.13|) take the form 

albi + 02^2 = 0, alb2 + a^bi = gi, 

-ialb2 + ia^bi = q2, albi - 0^32 = qs 
These equations are transformed to the form 

aA = a^bi = , 0162 = , ^202 = -— (5.16) 

It follows from the first two relations (j5.16|) and from the last two relations (j5.16|) 

a*i qs a*i Qi + m 



(5.17) 
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Two relations ()5.17|) are compatible, only if 

qI + <ll + qI = i-V^ + i-P^^ + ^^^A. ) = (5.18) 



As far as the brackets in (jS.lSj) cannot vanish, the relation ()5.18|) can be satisfied, 
only if A = and = 0, /i = 1, 2, 3. Then we obtain from ()5.16p 

alh = 0, 0^62 = 0, 0*62 = 0, a^bi = (5.19) 

If Oi 7^ V 02 7^ 0, the equations ()5.19|) can be satisfied only if 61 = A 62 = 0. 
If 61 7^ V 62 7^ 0, the equations (|5.19|) can be satisfied only if ai = A 02 = 0. 
It means that any linear combination of the low frequency solution and of the high 
frequency solution is unstable with respect to electromagnetic radiation. 

Stable superposition of \E'if and of \I'hf is impossible. In the stable states \E'if and 
\E'hf can be considered as states of different dynamic systems. In other words, in the 
stable states of the Dirac particle the superselection rule takes place. 

6 Classical approximation of the nonrelativistic 
Dirac particle 

To make the dynamic disquantization, we need to introduce hydrodynamic variables, 
where the current j'^ were the dependent variable instead of ijj. Transforming the 
action ()4.ip . we use the mathematical technique ^21121]! where the wave function ip 
is considered to be a function of hypercomplex numbers 7 and coordinates x. In this 
case the physical quantities are obtained by means of a convolution of expressions 
ip*Otp with the zero divisor. This technique allows one to work without fixing the 
7-matrices representation. 
Using designations 

75 = C7°^^^ - C7%SV, (6.1) 

(T = {ai, a2, (73, } = {-Z7V, -nV, -^tV} (6.2) 
we make the change of variables 

^ = Ae^'^+^^s'^exp (^-^j^a-n^ exp (^^^^ ^ ^^'^^ 

V'* = An exp l^-yo-n^ exp (^-^j^at]^ ^-''^-h^'^ (6.4) 
where (*) means the Hermitian conjugation, and the quantity 
n= |(1 + c7°)(1 + z<t), z = = const, a = 1,2, 3; = 1 (6.5) 
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is the zero divisor (projector). The quantities A, k, (p, r] = {t]'^}, n = {n"'}, 
a = 1, 2, 3, = 1 are eight real parameters, determining the wave function ip. 
These parameters may be considered as new dependent variables, describing the 
state of dynamic system Sb- The quantity is a scalar, and k is a pseudoscalar. 
Six remaining variables A, r] = n = {n"}, a = 1, 2, 3, = 1 can be expressed 

through the flux 4-vector = tp^'-tp and spin 4-pseudovector 

5' = zV'757V, / = 0,1,2,3 (6.6) 

Because of two identities 

S'Si = -j'ji, fSi = 0. (6.7) 

there are only six independent components among eight components of quantities 
and S''. 

Mathematical details of the dependent variables transformation can be found in 
|2j, where the action is calculated for the case c = 1 and vanishing electromagnetic 
field Ai = 0. As a result we have the following form of the action, written in the 
hydrodynamical form 

S-D- AD[j,V,K„^] = / Cd^x, C = Cci + Cqi + Ccfi (6.8) 



£ci = -mcp - hj diip Aii 

c 



2(l + ^z) 



eo.p,Cdiez\ p = y^i (6.9) 



Cqi = 2mcpsm (-) - -S diK, 



q2 



Hp + cf) 



-a/37 
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(6.10) 



(6.11) 



(p + cfy 2{p + cf) 

where eap'y is the Levi-Chivita 3-pseudotensor. The Lagrangian density £ is a func- 
tion of 4-vector j', scalar ip, pseudoscalar n, and the unit 3-pseudovector ^, which 
is connected with the spin 4-pseudovector S'' by means of the relations 



ip + cf)\ 



a = 1, 2, 3; 
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a = 1,2,3 



p + cf ' 

Producing the dynamical disquantization ()3.5|) in ()6.8p - ()6.11|) . we obtain 



(6.12) 
(6.13) 



vADqu[j,V5,|] 



-Komp Aij^ - hf ( dip + 



2(l + |z) 
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where kq = ±1 is the solution of the dynamic equation (5^Dqu/<^^ = 0, which does 
not contain derivatives, because the last term of ()6.10p vanishes after dynamical 
disquantization ()3.5p in virtue of the second identity ()6.7|) . 

We introduce the Lagrangian coordinates r = {tq, t} = {tj (x)}, z = 0, 1, 2, 3 as 
functions of coordinates x in such a way that only coordinate Tq changes along the 
direction j', i.e. 

/9fcr^ = 0, /i=l,2,3 (6.15) 

Considering the variables r = {to,t} as independent variables in ()6.14|) . we obtain 
after calculations (See mathematical details in 

(6.16) 

where period means the total derivative = dx^ /(Itq. The quantities x = {x^, x} = 
{x*}, z = 0, 1, 2, 3, and ^ = {^q,}, a = 1, 2, 3 are considered to be functions of the 
Lagrangian coordinates tq, t = {ti,T2,T3}. Here and in what follows the symbol 
X means the vector product of two 3-vectors. The quantity z is the constant unit 3- 
vector (j6.5p . In fact, variables x depend on r as on parameters, because the action 
(I6.16P does not contain derivatives with respect to Tq,, a = 1, 2, 3. Lagrangian 
density of the action ()6.16|) does not contain independent variables r explicitly. 
Hence, it may be written in the form 

ABqu[x,$] = j ABcl[x,^]dT, dT = dTidT2dT3 (6.17) 

where 

A r ^1 f \ fr-T- e , ., . (^ X |)z , (x X x)| I , 

J y c 2(1 + |z) 2^/x''Xs{^/x^Xs + cx^) J 

(6.18) 

It is easy to see that the action ()6.18|) is invariant with respect to transformation 
''"o '^0 = -^(''"0)5 where F is an arbitrary monotone function. This invariance 
admits one to choose the variable t = a;° as a parameter tq. In this case we obtain 
instead of fTT^ 



^Dci[x, = { -Home \ 1 - -Aq - - Ax + h 



2./. , (^x^z 



c2 c " c 2(1 + |z) 



x2 



2c2 



C2 




+ A(xxx)C| l-^ + \/l-^ 1 }dt (6.19) 
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In the nonrelativistic approximation, when c — oo, the coefficient ^ before 
the last term tends to zero. Nevertheless, we may not omit the last term in the 
action ()6.19|1 . because the last term contains the highest derivative. In the dynamic 
equations this term generates the term with the small parameter before the highest 
derivative. Such a term may not be omitted, because it is of the same order as the 
other terms. This term may generate oscillations with the frequency of the order 
= 2mc^/h, and VtTi/mc^ 1. 

In the nonrelativistic approximation the action ()6.19|) turns into 

^Dci[x,^] = j |i/«omx2 + A(i X - ^ (Ao + Ax) + ^ii^^l dt (6.20) 

where the ffist term —Komc^ is omitted, because it gives no contribution in the dy- 
namic equations. Two first terms in ()(j.2()|l describe dynamics and structure of the 
classical Dirac particle. The third term describes interaction with the electromag- 
netic field. 



7 Solution of dynamic equation for the classical 
nonrelativistic Dirac particle 

Dynamic equations for the classical nonrelativistic Dirac particle iSnDci generated by 
the action ()(j.20j) have the form 

-Komx-eE — x x H +h— ^ ' - h— \ J^' = 7.1 

c ^ ^ dt 2c^ dt 4c2 ^ ^ 

where 

1 (9 A 1 

E = --— + -VAo, H = VxA, A, = {Ao,A} (7.2) 



^ X + - (7.3) 

\^ 2(1 + ^z) dt2{l + ^^z) 2(l + ^z)2 Ac^ j ^ ^ 

Vector product in ()7.3p is a corollary of the constraint = 1. 

After simplification the dynamic equation ()7.3jl is reduced to the form (See Ap- 
pendix B of |2j) 

i - '-^^ (7.4) 

This equation describes rotation of the unit vector ^ with the angular frequency uj = 
(x X x) /2. In general, we may not neglect the rhs of ()7.4|1 in the nonrelativistic 
approximation, if x oscillates with the frequency of the order of mc^/h. Solving 
dynamic equations (jHH), ()7.3j) we shall see that such frequencies are possible. 
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When the electromagnetic field is absent (E = and H = 0), the equation ()7.1|) 
is reduced to the form 



_,„,,„,+ft_lt_i_ft_L_i)=0 (7.5) 

. . X x) (x X ^) 

—Komx+n n — = — p = const (7.6) 

The equation ()7.()|1 can be solved exactly, if x x x = a^, where a is an arbitrary 
quantity. Then according to ()7.4|) 

^ = const (7.7) 

The equation ()7.6|) turns into 

. . (^ X x) 

-Komx+n—^ — = -p (7.8) 
The general solution of (|7.8|) has the form 

^ + Vcos(cjt + 0) +1 X Vsin(cjt + 0), |V| < c (7.9) 



KqITI 

where is an arbitrary constant. The quantities V and p are the constant vectors 
satisfying the constraints 

V| = 0, ^2 = 1 (7.10) 
and the frequency u is determined by the relation 

uj = -no^^, f^o = ±1 (7.11) 
h 

After integration of ()7.9j) we obtain 

x = X+-^^ - V-^^ sin (wt + 0) + ^ X cos {cut + (p) , X = const 

(7.12) 

Thus, the world line of the free nonrelativistic classical Dirac particle S^dcI is 
a helix. According to the condition |V| ^ c the radius r of the helix is much 
less, than the Compton wave length Ac = h/mc. This result agrees with the result 
of investigation of the relativistic classical Dirac particle 5dci [2 , where the world 
line is also a helix, but without the constraint |V| <C c. In the limit c —>■ oo the 
oscillating terms vanish in expression (j7.12p for x. However, they are not vanish in 
the expression ()7.9|) for x. In the limit c —* oo the helix turns into straight line, but 
the velocity of circular motion does not vanish. 

The angular momentum generated by the solution ()7.12|) . ()7.9|) has the form 

M = m(x X x) = + Mos (7.13) 

UJ 
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where Mqs is the oscillating part of the angular momentum. Averaging over the 
time, the mean value (Mqs) of Mqs vanishes. Then 

(M) = m (x X x) = -/toTT^— , '^o = ±1 (7.14) 

This result is applicable only in the nonrelativistic case, when V^^ <C c^. The mean 
angular momentum (M) is directed along the unit vector ^. Its module is equal to 
h/2, provided V = c. 

In the general relativistic case the velocity amplitude |V| and the frequency u 
are connected between themselves, and the solution ()7.12|) turns j2] into the relation 



V ^ X V 

X+— — sin (f^Dci^ + 0) cos (^Dci^ + 0) , X = const (7.15) 

i iDcl ^ ^Dcl 



where 



V = c ^^' ^ n, ^]dc1 = -«:o^, 11^ = 1, = (7.16) 

7 nY 



and 7 > 1 is an arbitrary constant (Lorentz-factor of rotation). The regular momen- 
tum p = 0, because only in this case one succeeded to solve exactly the relativistic 
dynamic equations. At 7 — 1 the relation ()7.15p turns into ()7.12|) with p = 0. 
In the relativistic case the mean magnetic moment has the form 

(Moei) = m (x X x) = -^,V'^j'^ = -Ko (7' - 1) (7.17) 

In the Dirac dynamic system Sd the internal degrees of freedom are described 
nonrelativistically j2Sl- This defect can be corrected After such a correction 
the classical Dirac particle iSdci turns into the modified classical Dirac particle iSmDci- 
In this case we have instead of ()7.15j) - ()7.17|1 

V £ X V 

X = X+— sin (r^mDcl^ + 0) - cos (fijnDcl^ + 0) , X = COUSt (7.18) 

i 'mDcl i 'mDcl 



Y = c^ n, fi^Dci = -«:o— -— — 2, = 1, = (7.19) 

7 n [2'^^ — 1) 

(M^Dci) = m (x X x) = -K,^^^^^ (2f -ifh (7.20) 

7"^ 2 

In the nonrelativistic case, when 7—1^1, the results ()7.2U|) . ()7.17p coincide with 
()7.14|) and between themselves. 

Conventionally, the nonrelativistic approximation is obtained by other method 
(See, for instance, PP, sec. 70). One derives dynamic equations for nonrelativistic 



32 



Dirac particle, and thereafter one transits to the classical approximation (dynamic 
disquantization) . As a result one obtains the relation ()7.12|) without two last terms, 
i.e. V = 0, and one obtains a straight line instead of a helix. The loss of the two 
last terms in ()7.12j) takes place at the stage of transition from the Dirac equation to 
the Pauli equation. Formally the loss of two last terms in ()7.12j) is justified by the 
fact that these terms are proportional to c"^ and small in the limit c oo. 

We are to remark here that the nonrelativistic approximation is described by the 
inequality |x| -C c. It concerns only velocities and does not impose any constraints 
on the position x. As to the velocity, all terms in the relation ()7.9|1 for the velocity 
are of the same order, and we may not neglect the two last terms in ()7.9|) . The 
additional terms give a very small contribution to the particle position, but they 
introduce additional degrees of freedom, which are rather rigid . These degrees of 
freedom cannot be excited at the low energies, characteristic for the atomic spectra. 
The characteristic energy, connected with these degrees of freedom is of the order 
huj = 2mc^. In other words, it is a characteristic threshold energy of the pair 
production. 

8 Relativistic corrections to nonrelativistic 
classical Dirac particle 

Note that the action ()6.20|) for the nonrelativistic classical Dirac particle as well 
as the dynamic equation (j7.1|) does not contain the term, describing interaction 
of the magnetic moment with the magnetic field, what is characteristic for the 
nonrelativistic Pauli equation. This interaction may be obtained, if we take the 
high frequency solution ()7.9|) and average the action ()6.20|) over the frequency tu, 
determined by the relation 1)7.111) . In reality, it is necessary to average only the term 
— (t, x) X. We obtain 

A (t, x) x\ = -- (A (t, x) 5x + Sx^'d.A (t, x) 5x) (8.1) 

c / c 

where 5x and 5x are determined by the relations ()7.12)1 and ()7.9j) 

V , ^ , V , , 2mc2 , , 

ox = sin (ujt) + 4 X — cos {cot) , lu = —kq — - — , kq = ±1 (8.2) 

UJ u! a 

6±=-^ + Vcos (cot) + ^xYsm (cut), = 0, = 1 (8.3) 

KQin 

and angular brackets mean the averaging over the argument ut. Substituting rela- 
tions ()8.2|) and ()8.3p in the relation ()8.1|) and taking into account that 

(cos^ (ut)) = (sin^ (ut)) = ^, (sin (ut) cos (ut)) = (8.4) 

we obtain 

{--M + = +^^"^"-.^.^^^^^^ - ^A^,.e^^.V,^,V, (8.5) 
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In vector form the expression ()8.5|) takes the form 



(--Ax) + -A-P- = -^V m X V) . V) A - V (A- (I X V))) (8.6) 

\ c / c Koui Amc^ 

Let us transform the last term in rhs of (j8.6j) by means of the vector formula 

V (F ■ G) = (F ■ V) G + (G ■ V) F + Fx (V X G) + Gx (V X F) 

Setting F = A, G = ^xV and taking into account, that ^ =const, V =const, 
(^V) = 0, we obtain instead of ()8.6|) 

-^Ax) = -^A-^ + ^V((CxV)x(VxA)) 

= -^A^ + ^V((|xV)xH) 

= --A::^-^f-V(^H) (8.7) 

where 



c KqIti Amc \ c 
H = V X A 



is the magnetic field. 

After averaging the high frequency relativistic term turns into 

— (i X x)^\ ^ /to = const (8.8) 

This term is constant, and it does not contribute to the dynamic equations. 

Let us substitute ()8.7p in the action ()6.20|) . Taking into account, that the average 
low frequency velocity x = -^^j we obtain instead of ()6.20|) 

(8.9) 

The action ()8.9p differs from the action for the classical Pauli particle in the sense 
that it depends on the free parameter V . This parameter describes the intensity of 
the high frequency rotation. To obtain the action for the classical Pauli particle we 
should identify the variable ^ with the particle spin and set V = c\/2. Although this 
value of the velocity is relativistic and unreal, the contribution of the high frequency 
term in the action ()8.9p has the same form as in the action for the classical Pauli 
particle. 

Note that taking for averaging the relativistical expressions (jZ.lfij) . or ()7.19j) for 
V and u;, we obtain instead of \^ = c\/2 another expressions, where \V\ < c. 
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9 Concluding remarks 



This paper is devoted to comparison of the Newtonian strategy and the experimental- 
fitting strategy in their apphcation to the microcosm investigation. In this compar- 
ison we underhne the role of mistakes in the foundation of physical theory. These 

mistakes are actual only in the theory of microcosm phenomena. It was the mis- 
takes, that have lead to a replacement of the Newtonian strategy, dominating in 19th 
century, by the Ptolemaic experimental-fitting approach, dominating in microcosm 
investigations of 20th century. The Ptolemaic approach and experimental-fitting 
way of thinking arc the main obstacles on the path of development of the satisfac- 
tory fundamental microcosm theory. The Ptolemaic approach works very well at 
investigation of concrete physical phenomena, because it is insensitive to mistakes 
in the foundation of the theory. However, it is not adequate for construction of a 
fundamental physical theory, because it create only list of prescriptions, but not a 
logical structure. Extension of a fundamental theory to the new region of relativistic 
microcosm phenomena is produced easier, if the theory is a logical structure, but 
not a list of prescriptions. Discovery and correction of mistakes is the only way for 
construction of a logical structure instead of the Ptolemaic list of prescriptions. In 
such a situation it is very important to distinguish between a mistake and a simple 
deficiency of our knowledge, as well as between the mistake and incorrect hypothesis. 
A mistake is an incorrect information, whereas a deficiency of knowledge is simply 
a lack of information. A hypothesis may be correct in some situation and invalid in 
other situation. A hypothesis may be justified or removed, because it lies outside 
the logical structure of the satisfactory theory. On the contrary, the mistake must be 
discovered and corrected. It is contained in the logical structure of the satisfactory 
theory and it may not be ignored. Unfortunately, the experimental-fitting approach 
does not distinguish between a mistake and an incorrect hypothesis, because at this 
approach a theory is a list of prescriptions having equal importance, but not a logical 
structure. 

The most contemporary researchers of microcosm are educated in the Ptole- 
maic experimental-fitting approach. The Newtonian approach is unknown for them, 
although it is not a new approach. They believe that any theory, which explain 
experimental data, is a good theory. Of course, the experimental-fitting approach 
has an historical reason, but, when the main mistakes are discovered and corrected, 
the list of prescriptions can and must be replaced by a logical structure. Now there 
is no reason for a use of the Ptolemaic approach for construction of the theory of 
microcosm phenomena. 

Rejecting the quantum principles and using dynamical methods of investigation, 
we obtain results, which cannot be obtained by means of the conventional technique, 
based on the axiomatic representation of the quantum mechanics. In particular, dy- 
namical methods lead to such results: (1) formalization of the procedure of transi- 
tion to classical approximation, (2) composite structure of the Dirac particle and (3) 
nonrelativistic description of the internal degrees of freedom of the Dirac particle. 
These results cannot be obtained by conventional methods of investigation. 
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Mistakes in the foundation of a theory are rather specific. This is not logical, 
or mathematical mistakes. These mistakes are associative delusions, where one uses 
incorrect associations between our ideas on the properties of the phenomena of the 
real world. It is rather difficult to discover the associative delusions. We illustrate 
this in the example of discovery of the nonrelativistic character of the Dirac equation. 

The Dirac equation can be written in the relativistically covariant form. It is 
common practice to think, that it means that the Dirac equation describes rela- 
tivistical processes and has the Lorentz symmetry, i.e. the set of all its solutions 
is transformed to the same set of solutions at any Lorentz transformation. This 
opinion has been existing for many years, and we try to understand the reason of 
this viewpoint. 

The relativistic character of dynamic equations associates with the representation 
of these equations in the relativistically covariant form. However, this association is 
valid only at some additional conditions, which are fulfilled practically always, and as 
a result these conditions are not mentioned usually in the conventional formulation 
of the relativistic invariance (compatibility of dynamic equations with the princi- 
ples of relativity). Unfortunately, in the case of the Dirac equation these additional 
conditions are not fulfilled, and the Dirac equation appears to be formally nonrel- 
ativistic. In reality, only internal degrees of freedom are nonrelativistic. If these 
internal degrees of freedom are ignored, the Dirac particle appears to be relativistic. 

The additional constraint in the formulation of the relativistical invariance changes 
the formulation. The correct formulation looks as follows. Symmetry of dynamic 
equations, written in the relativistically covariant form coincides with the symmetry 
of their absolute objects j^H]- The absolute objects are such quantities, which are 
the same for all solutions. Usually such an absolute object is the metric tensor, 
which has the form (yfj^ =diag{c^, —1, —1, —1}. The group of symmetry of Qik is the 
Lorentz group, and the symmetry group of dynamic equations appears to be the 
Lorentz group. The Maxwell equations, the Klein-Gordon equation and many other 
dynamic equations for real dynamic systems contain only the metric tensor as an 
absolute object, and the formulation of relativistical invariance is simplified. It looks 
as follows. The symmetry group of dynamic equations, written in the relativistically 
covariant form is the Lorentz group. In such a form it used by most researchers. 

The Dirac equation does not contain the metric tensor. Instead it contains the 
7-matrices 7*,i = 0,l,2,3. The 7-matrices form a matrix 4- vector, whose symmetry 
group is lower, than the Lorentz group. As a result the Dirac equation appears to 
have not a symmetry of the Lorentz group. In other words, the Dirac equation 
appears to be nonrelativistic equation. 

What physical situation is behind this result? Why does the dynamic equation, 
written in the relativistically covariant form, become to be nonrelativistic, if it 
contains an absolute vector? To answer this question, we consider an example of a 
charged classical particle, moving in the given electromagnetic field F**^. 

Dynamic equation for the relativistic particle may written in the noncovariant 
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form 

^^^P^ = -F>^' + -F^''9.,i^ /i = l,2,3, x^^ (9.1) 
at yfl c c at 



and in the relativistically covariant form 

^-i;p^ = -/ 9is-i^. fc = 0,l,2,3 (9.2) 

where r is the proper time, e, m are respectively the particle charge and the particle 
mass. 

If the particle is nonrelativistic the dynamic equation is written in the nonco- 
variant form 

Can the dynamic equations (j9.3|) for the nonrelativistic particle be written in the 
relativistically covariant form? The answer is yes, although most researchers believe 
that it is impossible. In the relativistically covariant form the dynamic equations 
(|9.3|) have the form 



d 

m— 

dr 



-F^'gikx'; 2 = 0,1,2,3 (9.4) 

c 

where x'^ = dx'^/dr. The quantity Ik, A; = 0, 1, 2, 3 is a constant timelike unit 4- vector 



g%lk = 1; (9.5) 

Using the special choice of Ik = {c, 0,0,0} and substituting it in ()9.4|) . it is easy 
to verify, that we obtain the dynamic equations ()9.3|) for i = 1,2,3. For i = we 
obtain dynamic equation, which is a corollary of (|9.3p . 

As far as dynamic equations for both relativistic and nonrelativistic particles can 
be written in the noncovariant form and in the relativistically covariant one, it is 
clear that the difference between the relativistic and nonrelativistic descriptions is 
not connected with form of dynamic equations. There is anything else, which distin- 
guishes the relativistic conception from the nonrelativistic one. It is well known that 
the difference lies in different space-time conceptions. In the Newtonian conception 
there is an absolute simultaneity and there are two invariant quantities: absolute 
time t and absolute space distance r, whereas in the relativistic space-time concep- 
tion there exists only one absolute quantity: the space-time interval s = y/(?W—r^. 
The Newtonian space-time S-^ has seven-parametric continuous group of motion, 
whereas the Minkowski space-time Su has ten-parametric continuous group of mo- 
tion. Besides, the Newtonian space-time iSn may be considered to be the Minkowski 
space-time 5m with additional geometric structure £, given in it. In other words, 
iSn = Sm a £. The additional structure £ is a specific timelike direction in Sm, de- 
scribed by the constant timehke vector Ik. Introduction of £ admits one to construct 
two invariants in Sm A C 

t = lkx\ r = ^ xf'Xk + {hx'^f (9.6) 
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for a vector x*^, whereas in Sm we have only one invariant s = ^x^x^. It does not 
refer to £. 

The Newtonian space-time 5n considered as Syi A L admits only such motions of 
iSm, which transform vector into the same vector Zfc and do not violate the struc- 
ture L. The condition of the structure L conservation at the space-time motion 
reduces the ten-parametric group of motion of 5m to seven-parametric group of mo- 
tion of iSm a L. In general, at the relativistically covariant description the absolute 
objects, introduced by Anderson [22] may be considered as the quantities, describ- 
ing additional structures in iSm- It means, that any system of dynamic equations 
may be written in the relativistically covariant form, provided the proper absolute 
objects (additional structures) are introduced. Thus, to determine, whether the dy- 
namic equations are compatible with the principles of relativity, we may write them 
in the relativistically covariant form and determine whether or not they contain 
absolute objects and what are properties of these absolute objects. If the dynamic 
equations contain the constant timelike vector Z^, we have nonrelativistic dynamic 
system, because describes the additional space-time structure, characteristic for 
the Newtonian space 5n represented as Sy^ A L. 

Such an approach is convenient in the sense, that it does not contain a refer- 
ence to the coordinate system, which is simply a method of description. Relativistic 
character of dynamic equation is connected directly with absence of additional space- 
time structures in iSm, but not with the relativistically covariant form of the dynamic 
equations, because any dynamic equations can be always written in the relativis- 
tically covariant form, provided the proper geometrical structure is introduced in 
iSm • The relativistically covariant dynamic equation is relativistic, provided it does 
not contain a reference to some additional structure. However, such a formulation 
is unreliable, because the reservation of a reference to additional structure may be 
omitted by mistake. In this case the relativistic character of dynamic equations 
appear to be connected with the relativistic covariance of these equations, but not 
with the additional structure L in Syi. It is this case that takes place in reality. As 
a result we have an associative mistake, when the relativistic invariance is associ- 
ated with the relativistic covariance, although in reality the relativistic invariance is 
associated with an absence of additional geometrical structures in iSm- 

The experimental-fitting style of investigation, applied everywhere, is the main 
defect of the contemporary investigation strategy. This style is applied not only in 
investigation of concrete physical phenomena of microcosm, where its application 
is admissible. It is applied also at construction of the fundamental physical theory, 
that is not admissible, because the fundamental physical theory is a systematization 
of our knowledge and establishment of logical connection between the fundamental 
concepts. The fundamental physical theory is a logical structure, but not a list 
of rules, which should be used for explanation experimental data. The list of the 
rules may contain the rules, which are contradictory between themselves, but the 
statements of a logical structure must not be contradictory. 

Unfortunately, the Newtonian investigation strategy is not used practically, be- 
cause it cannot be used, if our fundamental concepts contain mistakes. Some of them 
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were listed in introduction. These mistakes were not actual in the 19th century, 
when the microcosm was not investigated, and the Newtonian investigation strat- 
egy was dominating. Existence of these mistakes during the 20th century was the 
reason, why at the microcosm investigations the Newtonian strategy was replaced 
by the experimental-fitting investigation strategy. The last has the advantage, that 
it is insensitive to mistakes in the foundation of a physical theory. Following the 
experimental-fitting strategy, the researcher of microcosm did not try to find mis- 
takes of their predecessors. Further more, doubts in results, obtained by great 
predecessors were considered to be a bad form, generated by self-conceit. Instead of 
searching for mistakes, that was prescribed by the Newtonian strategy, researchers 
invented new hypotheses. Three generations of the microcosm researchers were ed- 
ucated in ideas of the experimental-fitting strategy. Having investigated the Dirac 
equation and obtaining the first result, that the Pauli particle is the nonrelativistic 
approximation of the Dirac particle, they did not try to carry out the investigation 
completely, because the experimental-fitting strategy does not demand this. Why is 
it necessary, if the obtained result explains the experimental data? The fact that the 
investigation is not complete, and the Dirac particle is a composite particle was not 
considered, although such incomplete investigation was incorrect mathematically, 
and the mistake could be found at the scrupulous mathematical investigation. 

Preconceptions of the experimental-fitting style of thinking are very strong. Even 
the author of this paper is not free of them, although he is an adherent of the 
Newtonian strategy and tries to use this strategy in his investigations. For instance, 
he could not find the mistake in the nonrelativistic approximation of the Dirac 
equation. He has paid attention on the reduction of the order of the dynamic 
system and on the small parameter before the highest derivatives only after he had 
discovered, that the Dirac particle was composite. The last result was obtained from 
other consideration I25j. 

Appendices 

A Transformation of the action for the statistical 
ensemble 

Let us transform the action 

S [5,] : [X, u,] = / { ^ - - ^ + ^ - ^ Vu, } dtd^ 

(A.l) 

for the statistical ensemble of stochastic particles, moving in the given electromag- 
netic field A = {y4o,A} = {Aq, Ai, A2, A^}. Here x = x(t,^), Ugt = Ust(t,x) are 
dependent dynamic variables, and V = {di, 82, d^} = {^fr, gf^-, gfr}- The variable 
X describes the regular component of the stochastic particle motion. The dynamic 
variable Ust is a function of t, x and depends on ^ via x. The quantity Ugt may be 
regarded as the mean velocity of the stochastic component, whereas x = x(t,^) 
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describes the regular component of the particle motion. The last term in ()A.1|) 
describes influence of the stochasticity on the regular evolution component. 

To eliminate variable Ust, we should to solve dynamic equations 6A/6ust = 
with respect to Ugt. As far as Ugt is a function of t, x, we should go to independent 
variables t, x in the action (jA.lj) . We obtain instead of (jA.lj) 

}-—--Ao- - A— + ^ - 2^^stj P {t, x) dtd^ (A.2) 

where ^, Ugt are dependent variables, whereas t, x are independent variables. Here 
p and X = u are functions of defined by the relations 



Variation of ()A.2|) with respect Ust gives 



5ust 2 
Resolving the equation ()A.4|) with respect to Ugt in the form 



mustp + - Vp = (A.4) 



Ust = -7^Vlnp, (A.5) 
2m 



we obtain instead of (IA.2I 



r^n / I m / (ix\ ^ e , e d-x. (Vp)^ i , , /. n 



where p and -^^ are functions of space-time derivatives of^ = {'Ci5'C25^3}5 determined 
by the relations ()A.3|) . The action ()A.6|) describes some ideal charged fluid with the 
internal energy per unit mass 

[,(,.Vp) = fi:^ (A.7) 

8m p"^ 

Let us introduce new dependent variables j = {p, pu} = jj'^} , = 0, 1, 2, 3 by 
means of relations ()A.3|) . From formal viewpoint it is convenient to represent the 
hydrodynamic variables j = {p, pu} = {j^}, = 0, 1, 2, 3 in the form 

/ = |7^%%M = |^> fc = 0,1,2,3 (A.8) 
where the Jacobian 

>^=lnr%%% = det||e,fc||, ^i,k^d,^i, /, A; = 0,1, 2, 3 (A.9) 
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is considered to be a function of variables k = 9kCiy = 0, 1, 2, 3. The variable 
^0 is the new dependent variable (temporal Lagrangian coordinate), which appears 
to be fictitious. 

We introduce new dynamic variables by the Lagrange multipliers p = {pk} , k = 
0,1,2,3, and obtain instead of ()A.6|1 

(A.IO) 

wheree = {ej, ^ = 0,1,2,3. 

Variation of the action ()A.10|) with respect to C,i leads to the dynamic equations 

^^'^'-^ - ( =0, / = 0, 1, 2, 3 (A.ll) 



As far as the variable is fictitious, there are only three independent equations 
among four equations ()A.11|) . 
Using identities 

and designations ()A.8jl . we can eliminate the variables ^ from the equations (jA.llj) . 
We obtain 

j^dipk - fdkPi = 0, / = 0, 1, 2, 3 (A. 14) 

Variation of ()A.10|) with respect to and = p gives respectively 

P0 = m^---Af,, /3 = 1,2,3 (A.15) 
P ^ 



Po-~rf--Ao + f(2^-^^\ (A.16) 



Eliminating p^ from the equations ()A.14|) by means of relations ()A.15|) . ()A.16|) . we 
obtain hydrodynamic equations for the ideal charged fluid in the conventional form 

{do + v^da) = —F^o + —F^av'' - —d^p, /i = 1, 2, 3 (A.17) 
mc mc mp 

where the pressure p and the electromagnetic field Fik are defined by the relations 
P=l^l^^-2^1, F,k = dkA-d,Ak, ^,A; = 0,1,2,3 (A.l^ 



6m \ p^ p 
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The wave function is constructed of potentials. The equations ()A.17|) does not 
contain potentials ^ and Aj^, and they cannot be used for description of the fluid 
in terms of the wave function. To construct a description in terms of the wave 
function, we should not to eliminate potentials ^ from the equations (jA.llj) . Instead, 
we should integrate them. The dynamic equations (jA.lljl may be considered to be 
linear partial differential equations with respect to variables pk- They can be solved 
in the form 

Pk = b {dkcp + (I) dk^J , = 0, 1, 2, 3 (A.19) 

where g'^ (^) , a = 1, 2, 3 are arbitrary functions of the argument ^ = {^i, ■^2; ^3}) ^ 
is an arbitrary real constant, and ip is the variable ^q, which ceases to be fictitious. 

One can test by the direct substitution that the relation ()A.19|) is the general 
solution of linear equations ()A.11|) . Indeed, using ()A.12|) and the second identity 
flA.13|) . the equations ()A.11|) may be written in the form 

Substituting ()A.19|) in ()A.20|) and taking into account antisymmetry of the bracket 
in ()A.20|) with respect to indices k and s, we obtain 

The relation ()A.21|) is the valid equality, as it follows from the first identity ()A.13|) . 

Let us substitute ()A.19|1 in the action ()A.10|) . Taking into account the first 
identity ()A.13|) and omitting the term 

9J a . <9(<^,^i,^2,^3) 



9^o,k a(xO,xi,a;2,a;3) 
which does not contribute to the dynamic equation, we obtain 

S [5.] : Ms., [V^, t J] = / If - lA,f-fPk - j d'-^ 

(A.22) 

Here quantities pk are determined by the relations ()A.19j) . 

The action in the form ()A.22|) is remarkable in the sense, that it contains in- 
formation on initial values of the fluid velocities v = j/p. Dynamic equations, 
generated by the action ()A.22|) . are partial differential equations, and one needs to 
give initial values for variables if, But initial values for variables ip, $, determine 
only labelling of the fluid particles, and they may be chosen universal. For instance, 
we may choose for all fluid flows 

if (0, x) = if,^ (x) = 0, ^ (0, x) = (x) = X (A.23) 
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Then the functions g (^) are determined by the initial values of the velocity v (0, x) = 
(x) in the form 

g (^) = Vin (C) (A.24) 

The initial value p (0, x) = p^j^ (x) of the density p may be also included in the action 
flA.22|) . It is necessary only to redefine the connection between the quantities j'^ and 
^, substituting the relations ()A.8|) by the relations 



3' = Po{i) lf/ff'}y ^ = 0,1,2,3 (A.25) 

where pg (^) is an arbitrary function of ^. At the initial conditions ()A.24|) this 
arbitrary function is to be chosen in the form 

Po (x) = Pin (x) = p (0, x) 

Now we eliminate the variables j = from the action ()A.22|1 . using 

relation ()A.15|1 . We obtain 

[P, ^,i]=j ^-Po - -Ao Pd 

(A.26) 

where the quantities p^, /c = 0, 1, 2, 3 are determined by the relation ()A.19j) . 

Instead of dependent variables p, y?, ^ we introduce the n-component complex 
function ip = {4'^}^ a = 1, 2, . . . , n, which is defined by the relations |T3I 

= Vpe^'^M.d), = v^e-^X(0, « = l,2,...,n, (A.27) 



a=l 

where (*) means the complex conjugate. The quantities Ma(^), a = 1,2, ... ,n are 
functions of only variables ^, and satisfy the relations 

=^'(^)' /5 = 1'2,3, X^nX = l. (A.29) 

a=l ^ ' ct=\ 

The number n is such a natural number that the equations ()A.29|) admit a solution. 
In general, n depends on the form of the arbitrary integration functions g = 
/5 = 1, 2, 3. The functions g determine vorticity of the fluid flow. If g = 0, equations 
()A.29|) have the solution mi = 1, = 0, a = 2, 3, ...n. In this case the function 
may have one component, and the fluid flow is irrotational. 
In the general case it is easy to verify that 

p = ri^. PPo (<^, i) = -^{rdo^ - dor ■ r (A.30) 
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PPa (<^, = -^{rdai^ - d^r ■ « = 1, 2, 3, (A.31) 

The variational problem with the action ()A.22|) appears to be equivalent to the 
variational problem with the action functional 

or 

'-^irdoi^ - dor ■ r - -Ao + ^{r^i^ - -^r ■ r' 

2 c Snip 

+^A»,'V^^ - Vr ■ - - ^ r-A)'] A'. (A^33) 

2mc 8m p 2m \c / I 

For the two-component function ip {n = 2) the following identity takes place 

a=3 
a=l 

p = 'ip'ijj, s= , (T = {aa}, a = 1,2, 3, (A. 35) 

P 

where are the Pauli matrices. In virtue of the identity ()A.34|) the action ()A.32|) 
reduces to the form 

- (ip*dQip - dor -^--Ao ( -ibVr - -Ar ) ( ihVi) - -Ai) ] 

2 c 2m \ c / V c / 




(A.36) 



where s and p are defined by the relations ()A.35|) . One should expect, that the 
two-component wave function describes the general case, because the number of 
real components of the two-component wave function coincides with the number of 
hydrodynamic variables {p, j}- But this statement is not yet proved. 

In the case of irrotational flow, when the two-component function ip has linear 
dependent components, for instance = {-^1,0}, the 3-vector s =const, and the 
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term containing 3-vector s vanishes. In the special case, when the electromagnetic 
potentials Aj^ = 0, the action ()A.36|) for S [Sst] coincides with the action ()2.25|) for 
Ss. 

Finally, if we choose the arbitrary constant b in the form b = h and set ^4^ = 0, 
we obtain the action for the Schrodinger particle. 

B Addition after an attempt of this paper 
publication 

This paper has been submitted for publication to a scientific journal and was re- 
jected on the basis of the referee's report. The author disagrees with the referee's 
remarks. He presents his comments to the referee's report in the form of a dia- 
logue, which is very effective for ventilation of the truth. Unfortunately, accord- 
ing to regulations of Archives the dialogue form of the paper is inadmissible for 
publication in archives. So, my comments can be found on my personal web site 
fhttp: / /rsfql. physics. sunysb.edu/~rylov/comme. htm). In general, the correspon- 
dence with the scientific journal is confidential. In the given case the confidential 
character of the correspondence is removed, because it is a correspondence with an 
anonymous referee of an anonymous journal. Thus, the correspondence contains 
only scientific component, which cannot be confidential. 
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